The ubiquity of the technology and the availability of (open) data automatically collected in urban environments generate new opportunities, not only in tracking and managing public information services and resources, but also in the way we describe, implement and use these services. Although recent studies have proven that different smart city applications could improve some quality-of-life indicators by as much as 10-30 percent, at the same time it is reported that even the world cities that implement cutting-edge smart technologies are still at the beginning of their journey in a number of aspects. In an effort to identify and explore the challenges, the potential and the priorities for the implementation of smart city applications in a national/local context, a workshop followed by a research survey was conducted. To that end, a suitable research framework related to implementation of over 50 up-to-date smart city applications was adapted, extended and operationalized. The results of the study expose the strategic factors as the most challenging ones in the long-run in the national context of Croatia. In terms of local priorities for introducing smart city applications, the experts agreed on the most important and the least important smart city applications as well as on the potential to introduce these applications within 5 years. For the selection and prioritization of smart city applications in the given context, a proof-of-concept of a decision support tool intended for city managers is then proposed based on simulation modelling.
Introduction
Consumerism and the widespread use of ICT are changing the way users today are consuming (information) services. Although the way in which the public sector communicates with users has changed considerably, there is a great deal of deviation in the quality of services between the private and public sectors [4] . From the public sector, users expect transparency and accessibility, or service that is at a level they get from the private sector. Unfortunately, this is often not the case [1, 32, 10] . An open debate about whether the concept of the quality of the provided services can be replicated from the private sector to the public sector is ongoing [17] .
In respect to challenges to public administration and services, an important trend stems from the fact that the number of people inhabiting urban areas is constantly increasing [14] . By the end of 2020, urban population is expected to reach approximately 60% and by the end of 2050 up to 70% of the total population [28, 36, 19] . According to the United Nations Population Fund, 2008 was the year when more than 50% of all residents, 3.3 trillion, lived in urban areas [36] . In general, cities are faced with major changes and challenges arising from global shifts in the environment, rapid urbanization, as well as older infrastructure. In that, the emerging technologies and advances in the internet development bring forth richer environments and support the ability to satisfy users' needs better [23] , i.e. deliver specific information, services and products [2] while changing the way in which users/citizens communicate [41, 39] . This is the era of informed citizens [1] . The two -an increase in the number of people living in cities and the constant progress of technology -resulted in the development and promotion of the concept of a smart city. To paraphrase only one of the many definitions of a smart city -it is important to note that it is a city that implements at least one initiative in one out of six areas: smart governance, smart people, smart living, smart mobility, smart economy and smart environment. Recent "Digital agenda for Europe" report promotes the use of more effective approaches supported by ICT for the provision of services and increasing quality of life thus pinpointing a specific goal of the public administration [11] . Back in 2012, the EC launched a Smart Cities and Communities initiative [31] contributing to the rise of the popularity of the concept/term. In essence, all definitions put focus on ICT as a driver and a prerequisite, while also emphasizing socio-economic, managerial and multi-stakeholder aspects [11, 31, 37] since a smart city is a city with a high quality of life for all citizens, and is based on citizencentric approach [29] . Some relevant issues related to current state and employment of citizencentric approach in public administration and design of digital services are presented in section 2. Based on the identified issues and relevant worldwide evidence-based studies on smart city applications, we have prepared a research study in an effort to identify and explore the challenges and the potential for the implementation of the aforementioned smart city applications in a local context. The methodology, the results and conclusions of the study are presented in sections 3, 4, and 5 respectively.
Issues related to developing citizen-centric smart city applications
By popularizing the concept of smart cities, information services or systems in G2C (eGovernment) and C2G (eParticipation) environments are radically altered. Hereinafter, we view e-government as interconnected systems for management of public services that, based on ICT, should improve quality of services provided by governmental institutions to their stakeholders, increase their transparency, enable process improvements and achieve more efficient management [17] . In short, e-government should provide more adequate access to information and services in order to improve their quality and to increase citizens' participation with public administration [12] . Usually, five main categories of digital services are recognized with regards to whom the service is intended for [17] : G2B -government to businesses, G2C -government to citizens, G2E -government to its employees, G2G -government to government departments, and IEE -intra government.
It is important to note that research studies related to designing these types of services are still limited even though information systems today represent a strategic resource for public administration organizations as for any other organization. Implementing the digital service or just upgrading the existing one is often crucial to improving public services [4] . Every transformation of public administration must start by understanding the needs and priorities of citizens [10] . People should be central to such initiatives and that is why we highlight the importance of citizen-centric and citizen-driven services [3] again. Development of any digital service, regardless of type of public administration, is preceded by planning and analysis phase where user specifications and user data are collected usually through citizen journey mapping [32] that covers the entire experience of citizens who need the service [10] and present it visually, including the period before and after the specific experience with the service along with attitudes, feelings and needs of citizens [38] . The method gives a clear picture of why citizens use the services and thus leads to the optimization and allocation of required resources while it also enables the citizen-centric development. It is also in line with the concept of co-creation, an extremely important element of public institutions' strategies for becoming more user-oriented [13] .
The continuous advancement of technology brings city managers into a position where, in line with citizens' demands and needs, they have to work on continuous development and (re)design of digital services with the aim to increase the use of such services. It is not a simple process since the lifecycle of digital services development should never end; a large number of applications are constantly being upgraded even without the knowledge of end users [34] and impact of new services on citizens is tested as their satisfaction may indeed have a decisive impact on the adoption and use of new services [40] .
The user satisfaction phenomenon is particularly important in the public sector as it has different determinants [41] some of which are explored in the paper. Although it is clear that digital services for the public sector are expected to differ from those for the private sector, what they need to have in common is [1] :
• apart from providing a service and collecting user feedback, data generated in the process should be used for the purposes of reviewing the "wider picture" in terms of service usage
• following the analysis of the collected data, there has to be a loop to ensure transformation/evolution of the service, but also to inform policy modelling in relevant areas if applicable
The focus on citizen engagement and systematic development of e-government services (in line with what has been presented earlier) and the use of open data for creating services to citizens contributes to the quality of life in smart cities [7] .
In addition to easier access to information as one of the benefits, digital services also reduce costs for the administration in the long run, and the development of smart city services is generally considered to be a cost-effective and efficient way to provide public services [1, 34] . Consequently, the main interest during the service design has to be to meet citizens' needs and to reduce costs for the administration [20] to ensure that the development of digital services maximizes identified positive effects (positive impact on the business competitiveness, national economy outputs, environmental protection and negative impact on corruption [8] ). However, this does not happen in the technology-first but in the citizens-first approaches [24, ?] . Even though ICT provides numerous possibilities for enabling more effective services, critics often emphasize that service providers do not prioritize and start with user-oriented approaches and end up with services that are not oriented towards the real needs of users [40, 35] . In case of smart city services, often times citizen-oriented approach is not employed [3, 34] . It is clear that there is a huge challenge for the public sector to identify and develop services in line with what citizens expect [13] . Also, a longitudinal study on the maturity of public digital services, demonstrated that it is much easier to achieve minimal level of maturity than to make a progress further on [8] . Even though investments in ICT are significant [30] , the effect is actually not strictly correlated to the invested amount [21] but to quality of the service and an increase in user satisfaction [6] . The most expensive service is the one that is not used [23] .
Taking all this into account, managers in the public administration have to make their decisions about the way to invest in ICT and develop new services; all for the benefits of the citizens analysing whether something could/should become a (smart) city application or not [34, 22] . Once a city has decided to start its transformation towards becoming a smart city, it is important to evaluate its needs and innovation opportunities, set clear objectives, prioritize development efforts, and establish metrics [15] throughout the planning, management and operations phases. In addition to that, it is very important to maintain strategic point of view [25, 9] and engage the citizens in the process. Theory suggests that it is best to begin with areas that are urgent or have pressing issues. Authors suggest three main determinants that together comprise an essential tool for advancing the vision for smart city design initiatives [26] : i) citizen engagement, ii) governance and iii) ICT infrastructure. One of the good examples initiative is Barcelona that developed a strategic plan for becoming a smart city already in 1990s [18] . The approaches vary from the top-down and the bottom-up approaches based on the context of the city, but also on the knowledge and creativity of the citizens [9] .
From the evidence presented here, it is clear that there are a number of issues related to use of citizen-centric approaches and the design of digital services especially in the context of nowmodern smart cities. Managers and planners of smart city initiatives (in developing strategies and policies in particular) should be aware both of the challenges and the potential for the implementation of the smart city services/applications in their local contexts. That is why this paper in its second part in particular focuses on the following questions: i) which of the presented challenges are considered the most relevant ones, ii) which smart city services/applications should get the highest priority and iii) what are the possibilities of using a simulation model to prioritize the services/applications for future implementation; all in an effort to put forward and validate a useful model and accompanying tool for smart city decision makers.
Research methodology and the survey structure
To provide answers to the listed questions, a dedicated workshop and, as a follow-up, a research survey were organized in July 2018 in an effort to identify specific challenges and priorities for developing smart city initiatives and applications. The research instrument consisted of two parts, first one related to challenges (1 page) and the second one to potentials and priorities (5 pages) in developing smart city initiatives and applications:
• Part 1: Challenges for developing smart city initiatives with a list of 17 different challenges to be rated i) on a 5-point Likert scale in terms of their relevance and ii) the timeframe when the specific challenges are/become relevant, i.e. short-term, medium-term, or longterm.
• Part 2: Potentials and priorities for developing smart city initiatives with a categorized list of 59 smart city applications where i) the potential for introducing the application within 5 years was rated as Yes or No, and ii) the priority for the city was rated on a 5-point Likert scale.
The list with 17 different challenges (part 1) in developing smart city initiatives and applications (all presented in Table 1 in the next chapter) was based on four studies [37, 21, 15, ?] . The list and the descriptions of the smart city applications (part 2) were entirely taken from the recent research study [7] that looked at dozens of smart applications that will be relevant for cities through 2025 and gathered evidence from 50 cities from around the globe to assess how smart city applications could affect various quality-of-life dimensions: safety, time and convenience, health, environmental quality, social connectedness and civic participation, jobs, and the cost of living. Having this in mind, we wanted to assess the potential and priorities for the implementation of these applications in Croatia within the five-year period and the priorities for one specific location -City of Split. This study was conducted within the framework of a project related to user-oriented process (re)design and information systems modelling in smart cities. One of the stakeholders invested in the project is City of Split and all the survey respondents are from Split or its urban agglomeration.
The list with the appropriate (original) descriptions of applications is too long, thus we enclose only a categorized catalogue of the applications (total of 59):
• Engagement and community: digital citizen services, local civic engagement applications, local connection platforms The workshop attendees were experts (N = 17) who were asked to assess the challenges, the potential and priorities for introducing the innovative smart city applications (under already listed categories) in the city within the next five-year period. As a follow up, survey respondents (N = 60) with a keen interest in smart cities (citizens of the local community that are at the same time professionals and have a HE degree in the ICT field) helped us to identify the most important short-, medium-, and long-term challenges (e.g. community engagement, digital divide and so on) for smart city initiatives in Croatia. In other words, the experts (people researching and working in smart city domain) completed both parts of the survey, while the other respondents completed only the first part of the survey. The results collected from the experts during the workshop were planned to be used to propose a simulation model to be used by decision makers before the implementation of any smart city initiative begins, specifically in the planning phase. Therefore, it was acknowledged that participants without the strong knowledge about smart cities could not be involved in this part of the study.
Research results and discussion
As the research study approached two different types of participants and consisted of two distinctive parts, the results are presented in two separate sections -data on smart city implementation challenges and priorities respectively.
Analysing smart city challenges data
For all 17 listed challenges for smart city initiatives in Croatia, the participants were asked to select its relevancy. The scale was set from 1 -not relevant to 5 -most relevant. Apart from the relevancy, participants were asked to determine whether listed challenges should be considered as short, medium, or long-term challenges. Statistical method used to describe variability among observed, correlated variables was exploratory factor analysis. The sample was tested using Keiser-Meyer-Olkin test and Bartlett's test. Adequacy of the sample is appropriate (KM O = 0.813) and Bartlett's test is statistically significant (p < 0.05). The rotated component matrix (in Table 1 ) demonstrates the three groups representing the types of challenges. The factor extraction method used was Principal Components Analysis. The number of factors was determined using the Kaiser-Guttman's criterion. The three factors account for 65.84% of the total variance. Three specific challenges (CH17, CH16 and CH13) were excluded from further analysis due to high cross loading on more than one factor. The eigenvalue results of the PCA for the three groups are 8.001, 1.930 and 1.261 respectively and Cronbach's alpha scores are 0.847, 0.874 and 0.780 respectively. The analysis leaves us with three factors (F1, F2 and F3) and 14 items. Qualitative analysis and relevant studies that the list of challenges is based upon enables us to interpret and title the factors as follows: F1 "Operational challenges", F2 "Strategic challenges" and F3 "External challenges". Descriptive statistics for each of these in presented in Table 2 . In terms of the timeframes when the challenges are (or would become) relevant, the participants agree that this is not in the short term as illustrated in Figure 1 . Overall, only 13% are categorized as short-term and, almost equally, 42% as medium-term and 45% as long-term challenges. As mentioned earlier, a study [7] found that even the most cutting-edge smart cities on the planet are still at the beginning of their journey. In line and acknowledging this, the participants agree and assess the challenges for the implementation of smart city applications in Croatia as not entirely relevant for the time being. 
Analysing smart city priorities data
For the second part, as already mentioned, only experts were invited to assess categorized catalogue of the applications under different categories (1 -Engagement and community, 2 -Economic development and housing, 3 -Energy, 4 -Waste, 5 -Water, 6 -Mobility, 7 -Security and 8 -Healthcare). They were asked to assess the potential to implement these applications within the next five-year period and to determine the priority for introducing specific smart city applications in the City of Split. The scale was set from 1 -not a priority to 5 -extremely high priority.
We analysed the data for the whole dataset but present hereinafter only a subset (for the 11 applications under categories 1 -Engagement and community and 2 -Economic development and housing). There are several reasons for this decision. First of all, the number of applications is quite large (59) and would require space to present all the data and time to develop a simulation model that is five times bigger than the one presented here. Secondly, due to a small number of experts (17) who participated in this workshop, all distributions were not statically significant. Finally, the purpose of this part of the research was to use the data to build only a proof-of-concept simulation model (presented in section 4.3) that could be, among other purposes, used in the future by city managers for planning and observing the dynamics of the specific initiatives, taking in the consideration custom priorities set by the users themselves. The mean priorities and other descriptive statistics for the first part of the list -the 11 smart city applications are presented in Table 3 and were used for building the simulation model.
To offer an insight into the whole dataset, we will present a short overview of the mean scores: out of all 59 applications, in terms of priorities the experts agree that water quality monitoring (4.647) and smart parking (4.471) are the most important priorities for City of Split. This is in line with the common issues of this coastal city crowded with tourists and frequent water quality issues that follow heavy rain periods. The three least important priorities as identified by experts are local connections platform (2.765), autonomous vehicles (2.765) and congestion pricing (2.529). In terms of the potential, all find that Smart parking, real-time public transit information, digital public transit payment, local connection platforms and local civic engagement applications could be implemented, while applications such as autonomous vehicles and distribution automation systems could not be implemented within the next five years in the city. This is also in line with the given context and the current research in the smart mobility segment, since one of the first services offered to citizens and marketed as a smart city solution in Split was smart parking. 
Developing a decision support tool for (smart) city managers
The simulation model is developed as a decision support tool proof-of-concept in order to demonstrate its feasibility and practical potential in the smart city planning and development processes (Figure 2) . The tool used for building a simulation model is Arena, simulation software by Rockwell Automation (USA). Among its other features, Arena enables business process simulations. The tool can also be used for performance estimates based on key indicator data, such as cost, cycle time, etc., as well as for identifying problems in business processes and planning and developing [5] . For all the above mentioned reasons and for the time being, the created model contains only the applications from the two categories. Acknowledging all the processes behind planning and developing smart city initiatives, the model represents a rather simplified version of the decision making process but also including public tender preparation and other administrative procedures. Specifically, having a large portfolio of all possible/available smart city applications, and based on the internally-and/or externally-set priorities (however, including citizens' opinions) and (expert) assessment about whether it is possible or not to implement the application within a five-year timeframe, a city manager can experiment to select the optimal set of applications handled by one office/department. As the main issues related to strategic and planning segments in the City of Split, competences (qualification and reediness), design and preparation processes are identified as the most challenging ones. Using the model and its extended version planned to be built in the future, it is possible to experiment and increase department resources for better planning and organisation.
To demonstrate this, as a simulation setting of an experiment a number of replications was set to 100 for the five-year period. The applications were the entities that flow through the process. Regarding the inter-arrival time, random exponential distribution with 10-days mean time and maximum arrival is 1 entity. The same setup was configured for all applications within all categories. There are two Assign modules in the model. In the first one, all applications are assigned Entity type in order to name, differentiate and analyse the applications within the categories (for example Digital citizen services). The second Assign module adds a priority attribute based on distribution data presented in Table 3 . For example, for Digital citizen services the attribute distribution is set to 2.5+3×BETA(0.906, 0.758). Using the Decide module, the process branches based on the identified potential for introducing the application within 5 years presented in Table 3 . In terms of the experiment setup, two resources are allocated, one employee for public tender preparation and another one for resolving administrative procedures. As an action Seize Delay Release was configured to indicate that employees will be allocated followed by a process delay typical for queuing processes. The time distribution for Public tender preparation is triangular with a minimum of 1 day, a maximum of 15 days, and a most likely value of 10 days, while the distribution for Administrative procedures is triangular with a minimum of 30 days, a maximum of 90 days, and a most likely value of 60 days. A triangular random variable is used when the underlying distribution is unknown, but it is reasonable to assume that the timeframe ranges from a minimal value to some maximal value, with the most likely value being somewhere in between. This is an input, we agreed upon consultation with an expert who is knowledgeable on public tendering processes. Table 4 presents the results of the simulation experiment where total process time is expressed in number of days for the same 11 smart city applications. The time represents the number of days until the implementation of the specific application starts ranging from 63.83 to 463.87 days on average. The results of the simulation experiment are consistent with experts' perceptions of priorities and the potentials since for example, the Local connections platform (from category 01) had the lowest priority set (mean 2.765) and consequently has the highest total time as a result of the simulation, requiring 463.87 days on average before starting its design and implementation. 
Conclusion
One of the aims of the presented research was to determine the relevancy of previously identified (international) challenges for the implementation of future smart city initiatives in a national and local context. Once appropriately identified, these challenges could be tracked, measured and properly tackled with as a part of several smart city initiatives that have already started (e.g. Split Smart City) or are about the start (e.g. concept SMART by Ministry of Regional Development and EU Funds as of early 2019). To emphasize, the findings from the first part of the study confirm that all participants, regardless of their stakeholder status, choose the second factor -Strategic challenges as the most relevant in our national context. This is inline and consistent with the presented theoretical background, since many international authors agree that the strategic point of view should be the starting point for implementing smart city initiatives, highlighting the importance of evaluating innovation opportunities, setting clear objectives and prioritizing efforts. In order to tackle identified smart city challenges, there is a real need to get the wider perspective and have a clear vision. Furthermore, with regards to the second factor, Operational challenges refer to issues regarding the specific (inter)national context which, among other, supports the need to meet the expected levels of citizens' satisfaction and implement the initiatives that are in line with citizens' needs and priorities as is argued in the paper as well. As for the External challenges, these imply external forces, ones that city planners alone cannot have a direct impact on but that have to be taken into account when planning and designing the initiatives.
To further explore the context and identify the priorities for internationally-implemented smart city initiatives with citizens and experts, a preliminary study yielded valuable insights into our understanding of smart city applications and concepts in a local context -the City of Split. Realistically, the participants identified the areas (Water and Mobility) where the smart city applications could make an actual difference in the time frame of the next five years to tackle authentic city crises. By using the identified priorities and potentials (based on the existing infrastructure, technological maturity and other factors), the second part of research encompassed the presentation of possible directions and of the potential for using simulation modelling as one of the approaches for planning and optimizing the implementation of plethora of smart city applications. Experts' estimations were used to build only a proof-of-concept i.e. a part of a simulation model to confirm that the use of simulations could make the process of deciding about which applications to implement and when a lot easier and that it could improve the efficiency of a designated city department. It could be argued that the extended and a more user-friendly version of the model would be feasible, useful and that it would have the practical potential. The same approach was used in another study [43] by authors of the paper to investigate the implications of smart systems implementation, specifically in the context of smart technologies in airport operations as a part of ongoing smart mobility initiatives and solutions.
However, the presented research has several limitations that would be taken into account and dealt with in further research. For example, further research should be expanded to other cities facing the identified challenges nationally-wide, since it was explored for only one city in Croatia -Split. Local and national context should have many similarities, but should differentiate significantly to smart city challenges that cities in e.g. India face. Another limitation is a small number of experts resulting in skewed distributions of the results. Furthermore, it would be worthwhile to extend the proposed simulation model, since this proposed proof of concept did not include variable such as resource costs, which could provide a valuable and, by all means, a better perspective for decision makers. Also, another possibility of enhancing the model is by introducing the costs of introducing new applications (both including the software development fees and implementation fees) to get better insights and estimates using the simulation model. To conclude, even though it can be argued that this research included a small number of participants, it provided significant results. The results of this research could be important to all relevant stakeholders of smart city initiatives, since the number of possible applications is growing each day. The studies show that it is much easier to achieve a minimal level of maturity than to make a progress further on and with this in mind the city managers shouldstart listening to citizens and start designing.
